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Sa»MAKY 


Biis  Btiidy  vas  undertaken  to  find  an  easy-to-use  take-off  distance 
predict! on  aethod  and  to  evaluate  its  applicability  to  STOL  jiircrerft. 
For  the  purpotes  of  thd.s  present  study  STOL  aircraft  vere  defined  ae 
those  requiring  a  take-off  ground  roll  of  less  than  1000  ft.. 

Tvo  existing  take-off  ground  roll  estimte  jtethods  -were  evalxiated 
by  coaqparing  predicted  values  vith  available  data  for  several  STOL 
aircraft.  Bie  resulting  accuracies  were  respectively  vlthin  95^  and. 
ll^i  error. 

It  vas  found  that  one  of  thece  jaethods  could  be  further  siaplified 
and  yet  still  yield  acceptable  results.  Ihat  is,  excluding  two 
predictions  this  siaplified  aethod  yielded  an  accuracy  within  135^  error. 

In  addition^  scoe  correlation  was  fouivl  to  exist  between  short 
take-off  ground  roll  azid  total  distance  over  a  30  ft  obstacle.  As 
a  result  an  expression  vas  derived  relating  the  two. 


R-5-6it-lT 
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In  naay  prelitginary  studies  aM  analyses  of  nev  aircraft 
systems  it  is  necessary  to  predict  take-off  distances  before 
detailed  characteristics  of  the  aircraft  are  available.  As  a 
resvilt,  approximate  methods  requiring  a  minlmun  of  input  data 
are  very  heavily  relied  upon.  A  nvanber  of  these  reliable  qulck- 
estimate  methods  are  presently  eiq^oyed  for  coorennionsil  ''Icng” 
take-off  aircraft  and  it  vas  the  parposf,  of  this  study  to  review 
these  methods  for  application  to  STOL  fd.rcraft.  For  the  purposes 
of  this  present  study  STOL  aircraft  are  defined  as  those  requiring 
a  grouai  roll  of  less  than  1000  ft. 

STOL  aircraft  take-off  distance  predlcticsis  yielded  hy  a 
nuaiber  of  quick -estimate  methcxi.»  wea'e  compared  with  available 
STOL  aircraft  data.  Two  of  thije  sethods  predicting  take-off 
ground  roll  were  selected  for  ttrilieT  evaluatioi;  and  will  be 
discussed  herein.  In  addltloc.,  a  correlation  between  take-off 
grouzid  roll  and  total  dlstancf;  ovut  a  30  ft  obstacle  is  shown. 

An  cquaticjci  relating  the  two  *m8  developed  to  obtain  for  a  given 
ground  roll  a  first  ajyproxlmaticc.  of  total  take-off  distance  over 
a  50  ft  obebacle. 
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Discussicy 

HAimiAJf  MSIHQD 

WeapoD  Sjrsteisa  Analysis  Office  has  long  used  a  reasonably 
accurate  quick-estloate  ncthod  for  predlctin^vs  take>off  ground  roll 
distance  for  conrentional  “long"  take-off  aircraft.  Refei*eace  1 
presents  this  nethcd  uhich  originally  appeared  in  a  KACA  report^ 
reference  Zy  by  £.  P-  Hartsfia.  It  Is  derived  froa  the  fundaaental 
equation  for  aircraft  ground  roll* 

V 

S  =  W/g  f  (V/F)  dV 
/  o 


iflth  the  assuxqptldit^thlEtithe  effective  force,  F,  uhlch  is  a  function 
of  velocity  can  be  evaluated  at  an  average  velocity.  Dais  led  to 


Sqr 


Eartaan  shoved  that  for  all  conventional  take-off  aircraft  during  the 
ground  run  the  Inverse  of  the  acceleration  varies  aljaost  linearly 
vlth  the  square  of  the  velocity*  As  he  pointed  cut  in  reference  2 
this  was  the  basis  for  the  use  of  an  average  velocity  equal  to  0*707 
in  evaluating  Therefore  Bartmaa's  aethod  as  presented  in 

reference  1  is  ovitlined  as  follows. 


m 


64[T-D-|»(W-h^ 


where  take-off  ground  roll  (ft) 

W  •  take-off  gross  weight  (LBS) 

aircraft  velocity  at  take-off  (ft /sec) 
T  =  take-off  thrust  at  0.7^  (l*BS) 

D  »  drag  at  O.TYyo  >  grcnmd  attitude 


p  »  coefficient  cf  rolling  friction 
L  a  lift  at  ground  attit^vie 
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'Rj.e  ahorve  inputs,  in  nost  cases,  during  the  preluainary  design 
8ta^:e  ere  readily  availaljle  or  can  be  estimated  vlth  reasonable 
acci-iracy. 

Aerodynamic  and  p<2rl'orraance  data  for  a  limited  number  of  propeller- 
driven  STOL  aircraft  vsre  casipiljsd.  and  applied  to  Hartman's  method 
i3i  order  to  con5>are  the  jjredicted  ground  rolls  Td-th  flight  test  values. 
&;easdard  Aircraft  Characteristics  chart  ground  rolls,  although  not 
necessarily  'cased  on  fli/^bt  test,  acre  official  service  estimates  and 
wiure  used  'wh.ere  explicit  fllj^t  teat  values  were  not  armilable.  As 
shoid  in  fig'u^  1,  the  predicted  ground  roll  vas  plotted  versus  a 
flight  test  <>r  SAC  chart  value.  Each  adrcraft  with  tie  exception  of 
the  Hello  Courier,  Hreguet  and  the  C-130E  is  represented  by  three 
grrrund  rolls  at  various  gross  weights.  Ihese  exceptions,  which  are 
due  to  the  Halted  amount  of  data  available,  arc  represented  by  only 
oifee  groamd  roll.  It  is  evident  that  all  predictioni',  as  IndicatiCd 
by  the  5?^  tod  lOjt  error  bands  are  within  of  the  flight  test  values. 

KEmZ  Mm»iD 

D.  J.  Kittle,  in  the  January,  195^  issue  of  Air<‘.raft.  Boglneering 
Resented  a  .xithod  for  estimating  ground  rail  distanc:e  at  tahe-off 
land  landing).  Essentially  this  method  ccnaisted  of  a  s(xLxiticn  for 
the  basic  groiaod  roll  expression 


•» 


Kettle's  graphical  solution  for  this  cxmbersoae  vij.presslon  is 
partially  reproduced  in  figure  2  and  it  Is  seen  that  tMs  chart  was 
constructed  using  (T/V)  (Cp^^,  -  Cu^n  Cu-i*,  and  W/S  as 

inpu.t  parameters.  It  is  worth  naming  that  Kettle  suggested  that  the 
thnjLSt,  T,  be  calculated  at  O.JV-^  which  incorporates  tlae  average 
velocity  used  by  Hartman.  To  illustrate  the  use  of  Kettle's  chart 
the  following  approximate  data  are  given  for  an  aircraft  at  stani^iB^^i 
dasfj  sea  Ijqgc^  conditions. 
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C 

0.23 

1.60 

W/S  = 

45  Ib/ft^ 

K  = 

0.025 

w  = 

15,000  lbs 

(T/W) 

0.3T0 

Clxo  * 

2.10 

2.10 

if  =1 

T.tv  =  5920  lbs 
T/W  =  0.395 
O.OlK) 


(Co^R-  ^Ci.^)/Ci^  s»  0.090 

w/s  =  45 


tOiese  abovs  Injnits  ore  as  izulicatad  by  the  dashed  line 

la  figure  2.  5he  resultlcg  prediction  is  seen  to  be  87O  ft.  As  mui 
true  of  the  Hartaean  case  the  shore  ispoit  data,  in  general^  during 
the  preliaiiiary  deslg:^  stage  are  readily  avallaible  or  can  be  estiosted 
vith  reascoahle  cuscuracy. 


Using  the  basic  STQL  aircraft  data  ccaqpiled  to  eraliiate  the  Hartnan 
■ethod,  the  izxputs  for  the  Kettle  method  uexe  also  derived  and  appHel 
to  the  chart  in  figure  2.  For  coctrealence  the  Ci^and  Cc^for  the 
Kettle  method  wre  taken  at  O.T  Using  the  same  nusdaer  of  aircraft 
and  procedures  as  for  figure  1,  the  resulting  predLlcticos  vere  plotted 
in  figure  3*  ^  shovn,  all  practices  vere  vlthin  111^  error. 

In  order  to  coo^&re  the  predictions  of  both  methods,  table  I  contains 
for  each  airoraft  gross  weight  their  respective  T.O.  ground  roll  estimates. 
(Bie  data  points  in  figures  1  and  3  vere  taken  freat  this  tabulation). 


Due  to  the  lack  of  available  HTOL  jet  aircraft  data  both  of  the  above 
methods  vere  evaluated  vith  only  propeller-driven  aircraft.  It  is  stressed, 
hovcver,  that  this  should  not  necessarily  joreclude  their  applicatlos^  to 
jet  aircraft.  Ihe  Hartman  method,  in  fact,  is  presently  used  successfully 
vith  conventional  ’’long”  take-off  jet  aircraft.  Bw  K^tle  method  'tdxich 
vas  derived  from  tbs  same  basic  ground  roll  equation  vith  no  major  assus^ions 
^oidd  be  equally  as  applic^le. 

SIMPLIFIED  EAICCMAA  KSTSOD 


Admittedly,  even  the  relatively  simple  iisputs  required  for  the  tske- 
oeff  prediction  methods  discussed  above  are  soisetimes  difficult  to  obtain. 
To  determine  the  effective  thrust  used  In  the  Hartman  method,  for  exaaQle, 
a  knomledge  of  both  take-off  thrust  and  drag  at  C<7  of  the  take-off  speed 
is  required. 
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Upon  exaulnlng  the  STOL  aircraft  d&tu  compiled  fox  the  Hartaac 
B«thod  it  TWU5  fo^^nd  the',  on  the  arerage  an  aircraft's  take-off  effective 
thrust  at  O.TOTV,.^  vas  approxiaately  10$  of  its  take-off  static  thrust. 
Using  this  observation  in  the  fora  of  an  assunptiao  {i.e.  Tg  = 
vith  the  basic  ground  distance  expression  used  by  Bairtaan,  ground  runs 
vere  estlnated  for  ai  linlted  nuaber  of  3S0h  aircraft.  In  a  Banner  slallaT 
to  figure  1,  figure  if  indicates  the  accuracy  of  these  predictiens.  As 
shoici;  caily  tvo  predictions  fell  beyond  13^^  erx'or.  It  is  therefore 
evident  that  this  fmrther  assumption  {Tg  =  O.7T0)  as  indicated  by  the 
aircraft  data  appliedl  etill  allowed  one  to  aake  a  reasonably  acciirate, 
riq?id  estiaatlon  of  take-off  groiiad  roll. 

It  is  noted,  hoirever,  that  the  significant  difference  between  the 
rate  of  Jet  and  propeller-driven  aircraft  thrust  degradation  during 
take-off  ground  roU.  prevents  the  application  of  this  Bisqpilified  Hartaan 
■erthod  to  Jet  aircraft.  It  appears  that  for  this  latter  application 
the  average  aircraft  effective  thrust  is  typlcally^  a  higher  percentage 
of  static  thrust  tlmn  it  is  for  propeHer-drlven  aircraft.  Due  to 
the  lack  of  sufficient  SIQL  Jet  aircraft  data  available  for  this  present 
study,  no  atteapt  could  be  aade  to  deteraine  a  seaningful  average 
percentage  value  for  Jet  aircraft. 

TOTAL  TAKE-CFF  DI/3TA5GJ? 

latlaatlng  clliib  distance  over  a  50  ^  obstacle  vith  a  aethod 
coBq?trable  to  xhft  slaq^licity  and  accuracy  of  the  Hartaan  or  Kettle 
ground  roll  oethods  appears  to  be  virtually  isqpossible.  Ihe  cllab 
distance,  which  is  nathenatlcally  acre  coa^licated,  cannot  be  accurately 
predicted  via  a  general  quick-esttaate  aethod.  !Ihl8  study  review^ 
two  very  slaple  total  take-off  distance  over  a  50  ft  obstacle  aeHiods 
and  found  that  they  yielded  Taaacc<ptrf>le  accuracies.  Rrrors  up  to  30?^ 
and  3$,  reepecrtively,  were  experienced  and,  therefore,  they  vere  not 
given  any  furtlaer  consideration. 

In  view  of  this  difflcidty  in  estlaatiag  cllab  distance,  reference 
1  plotted  for  a  large  "uaber  of  conventional  "long”  take-off  aircraft, 
ground  roll  versus  total  take-off  distance  over  a  ^0  ft  obstacle  and 
vith  the  reaul-ting  linear  relation  fcraulated  an  expression  for 
predicting  the  total  take-off  distance.  In  order  to  obtain  a  siailar 
expression  foz‘  STQL  aircraft,  the  saae  procedure  vas  folloved  in  figure 
in  that  for  a  nuift>er  of  SIOL  aircraft,  ground  run  vas  plotted  versus 
total  take-off  distance.  All  of  the  points  •.•epresaat  propeller-driven 
aircraft  vith  ground  rolls  less  than  1,000  ft  and  total  ts;2i^^off 
distances  less  then  I600  ft.  Vhere  the  available  d.'ta  aade  it  possible, 
all  of  the  aircraft  vere  rep3reeented  by  three  points,  what  i«,  take-off 
distances  at  three  gross  weights.  It  is  noted  that  this  figure  contains 
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&  great  maaj  mart  date  points  for  9?0L  alrcrsTt  then  prerlous  figures 
since  only  t«ke«off  ground  roll  sod  totsl  tslce-off  distance  vere 
required  for  these  data  points.  A  line  haring  the  equation 
vas  found  to  glre  a  reasonablj  good  correlation  vlth  these  data  points. 
Giren  a  gz^om^  roll  distance  less  than  1(X)0  ft  for  a  coorenticnal 
take-off  aircraft  this  expression  mt^  he  used  as  a  first  approzlnation 
of  the  total  take-off  distance  over  a  50  ft  obstacle. 
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COHCLOSIOaiS 


Two  aethods  for  rapidly  estloatlog  the  ground  rcQJ.  dlrtaace  during 
tahe-of^T  appear  to  yield  acceptable  re  suit  a  ckx  the  basis  of  coaqparlsoo 
with  a  Halted  saaple  of  9I0L  aircraft  data. 

1.  The  Kartaan  aethod  for  estiasting  tahe-off  ground  roll 
yielded  predictions  that  were  within  error. 

2.  The  Kettle  aathod  for  estiaatlng  take-off  grottnd  roll  yielded 
predictions  that  were  within  11^  error. 

3.  The  Hartaan  aethod  further  slaplifled  by  the  assuapticn  that 
the  take-off  effectlre  thrust  equals  JOft  of  the  take-off  static  thrust 
yielded  predictions;  with  two  exceptions;  within  13^  error. 

4*  lo  soltztioQ  coBparable  to  the  sijqCLicity  or  accuracy  of  abore 
aethods  was  found  to  exist  for  total  take-off  distance  orer  a  ^0  ft 
obstacle.  The  expression  Stor"*  ^  whidh  is  based  on  a  correlation; 

can  be  used  as  a  first  approalaation  to  the  total  take-off  distance. 
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TABLE  I 

•'TCMPAHISOei  OP  HARSMAH  AHD 
TASZ-OP?  CaiOUXD  ROUi  FRBDICTIOVS 

GROSS 

aircraft  WKECJHT  2AKE-CPP  GROUHD  ROLL  (FT) 

(r^S)  HARTMAX  XZITLB  FLL^  TEST  OR  SAC  CHART 


C-130E 

ioo,r-x> 

992 

1,000 

950  * 

W2F/OOD 

40,00 

641 

645 

642 

If 

4ft,  00c 

1058 

1,050 

1,060 

tf 

5C,orx' 

1,561 

1,543 

1,600 

2P.FCj:  .V  >  41 

416 

409 

380  * 

ilELiO  COyRIffi 

::i?0 

3W 

290  ♦ 

T- ’3b 

7, her'} 

412 

375 

420 

VI 

ft,  oo: 

545 

540 

560 

706 

675 

690 

OV^l 

213 

195 

204  * 

t 

-1,UX 

303 

300 

285  * 

If 

419 

405 

390  * 

OS-2 

2,l->3 

226 

225 

225  * 

M 

2,40'y 

291 

300 

309  * 

IT 

2,f3C 

332 

375 

389  * 

OV-IA 

10,  ox; 

325 

300 

320  • 

m 

i^.OOO 

59B 

570 

600 

If 

i%o>D 

871 

850 

800 

U-3A 

4,«>0C 

548 

532 

530  * 

4,4'>a 

6T3 

634 

650  * 

M 

4,^3'* 

CO 

fO 

842 

800  ♦ 

*  Fll^t  Teft 


itcn 


LINES  OF  constant  VALUE 

OF  /Cn,.  -AlC,  \  /C, 

\  “or  ^CR]  '  '■TO 


m 


LINES  OF  constant  C, 

'-TC 


0  0.2 

0.4  0.6  0.8 

(T  W) 

THE  CHART  IS  OCRITEO  FROM  THE  FOCLOWINi;  EXPRESSION 

K 

soc 

U. 

-J 

QC 

V 

TA«.a'F  GROUND  ROLL  (FEET) 

AIRCRAFT  nEAN  TaXE-OFF  WEIGHT 

Q 

y 

o 

’,ro 

r 

RKLATTVE  air  DEKDTT 

cc 

o 

s 

AIRCRAFT  WING  AREA 

u. 

T 

take-off  thrust  at  a  7  vto 

u. 

o 

UJ 

'^TO 

T  AKE-OFF  VELOCITY 

■ 

TOTAL  DRAG  COEFFICIENT.  WITH  aROUHD  EFFECT 

LIFT  COEFFICIENT  IN  ROa.lHC  ALTITUDE  WITH 

GROUND  effect 

< 

1500 

1 

O 

LIFT  COEFFICIENT  aT  TAKE  OFF 

M 

ROLLJNC  COEFFICIENT  OF  FOICTION 

2000 

LINES  OF  CONSTANT 
WINGLOaOINC,  j'  (LB  FT^ 


FIGURE  2.  FETTLE  METHOD  FOR  ESTIMATING  TAKE-OFF  GROUND  ROLL 
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TOTAL  TAKE-OFF  BISTAITCE  OVER  ^0  FT 
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FIGURE  5.'  TAKB-OFP  GR0U3SE  BOLL  VS  TOOV-Ii  T/^KE-CfFF  DISTAiTCE  OVER  A 
—  - . <  . 50  FT  0]^mCLE 
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Flagged  symbol e 
indicate  data 
points  based  on 
flight  test. 
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